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,QWURGXFWLRQ
7RGD\ WKHPRVW FRPPRQSODQW SURWHFWLRQPHDVXUH LV WKH DSSOLFDWLRQRI FKHPLFDO SODQW SURWHFWLRQSURGXFWV E\
XVLQJDLUDVVLVWHGVSUD\HUV3HVWLFLGHVDUHZLGHO\XVHGWRFRQWUROSHVWVDQGGLVHDVHVRIIRRGFURSVZKLFKPD\OHDGWR
UHVLGXHVLQIRRGVWXIIV
/DWHO\ WKH (XURSHDQ FRXQWULHV ODXQFKHG QDWLRQDO LQLWLDWLYHV WR UHGXFH SHVW FRQWURO VXEVWDQFHV E\ OLPLWLQJ WKH
YROXPH RI VXEVWDQFH VSUD\HG'XULQJ WKH ODVW \HDUV D WUHQG WR UHGXFH WKH FKHPLFDO LQSXWZDV QRWLFHG LQ D ORW RI
FRXQWULHV
1RZDGD\VLQ5RPDQLDWKHTXDQWLW\RIVROXWLRQSHUKHFWDUHLVDERXWOKDUHVXOWLQJLQDJUHDWDPRXQWRI
FKHPLFDOVVSUD\HG5HGXFLQJWKHVROXWLRQLVDNH\IRUHFRQRPLFDQGGXUDEOHIUXLWFXOWLYDWLRQ
,Q YLQH\DUGV DQG RUFKDUGV SHVWLFLGH WUHDWPHQWV DUH RI JUHDW LPSRUWDQFH LQ SDUWLFXODU DV WKH LQWHQVLYH FXOWXUH
XVXDOO\WDNHVPRUHWKDQWZRWUHDWPHQWV,IRQHZDQWVWRREWDLQDJRRGFRYHUDJHWKHVSUD\LQJPDFKLQHPXVWIXQFWLRQ
ZLWKLQWKHSDUDPHWHUVDQGWRKDYHDOOWKHVHWWLQJVDGDSWHGIRUWKHZLQGFRQGLWLRQDQGWKHSODQWV%HFDXVHLQRUFKDUGV
DQGYLQH\DUGVWKHPDFKLQHLVPRYLQJRQWKHLQWHUYDOEHWZHHQSODQWVDQGLVVSUD\LQJWKHHQWLUHVXUIDFHLWLVGLIILFXOW
WRKDYHDKLJKFRYHUDJHHVSHFLDOO\DWWKHWRS
7KH*$0%(5,1,VSUD\LQJPDFKLQHLVDORZYROXPHVSUD\HU,WFDQGHOLYHUDQDPRXQWRIWROLWUHVSHU
KHFWDUHWKXVPDNLQJWKHIUXLWVOHVVVSUD\HG,QRUGHUWRWHVWWKLVPDFKLQHZHKDYHVHWXSDQH[SHULPHQWWRGHWHUPLQH
WKHFRYHUDJHGHJUHHLQODERUDWRU\FRQGLWLRQV
7KHPDLQJRDORIWKLVSDSHUZDVWRGHWHUPLQHDQGWRHYDOXDWHWKHFRYHUDJHGHJUHHIRUWKH*DPEHULQLRUFKDUG
VSUD\LQJPDFKLQHE\PHDQVRI:63ZDWHUVHQVLWLYHSDSHU

1RPHQFODWXUH
:63 :DWHU6HQVLWLYH3DSHU

0DWHULDOVDQG0HWKRGV
)RU WKH SXUSRVH RI WKLV SDSHU WKH WUDFWRU 8 '7 DQG WKH PDFKLQH *DPEHULQL  ZDV XVHG LQ ODERUDWRU\
FRQGLWLRQVWRGHWHUPLQHDQGHYDOXDWHWKHFRYHUDJHGHJUHH7KLVVSUD\LQJPDFKLQHLVDSQHXPDWLFRQHZLWKDVSHFLDO
ERRP)LJXUH
,QRUGHUWRGHWHUPLQHWKHGHJUHHRIFRYHUDJHWKHIROORZLQJVHWXSZDVXVHG
x7KHIORZFDOLEUDWLRQSODWHILJ&ZDVVHWWRWKHUGGLYLVLRQ
x7KHSRZHUWDNHRIIZDVVHWWR530530HQJLQHFUDQNVKDIW
x7KHSUHVVXUHILJ'ZDVDGMXVWHGWREDUXVLQJWKHSUHVVXUHFDOLEUDWLRQNQRE
x7KHIORZUDWHRIWKHPDFKLQHZDVGHWHUPLQHGE\PHDQVRIFROOHFWLQJWKHVROXWLRQGHOLYHUHGE\WKHERWKVLGHVIRU
VHFRQGV±OPLQ
x7KHZRUNLQJVSHHGZDVGHWHUPLQHGXVLQJWKH%5$92FRPSXWHU±NPK
$OOWKHVHVHWWLQJVZHUHPDGHLQRUGHUWRDFKLHYHDTXDQWLW\RIOLWUHVSHUKHFWDUH
$IWHUVHWWLQJXSWKHPDFKLQHWKHZDWHUVHQVLWLYHSDSHUZDVSODFHRQWZRVWHHOURGV)LJXUH
(DFKSLHFHRI:DWHU6HQVLWLYH3DSHU:63ZDVFXWWRWKHIROORZLQJGLPHQVLRQVFP[FPDQGZDVSODFHG
ZLWK UHVSHFW WR WKH WUDYHOLQJ GLUHFWLRQ RI WKH DJJUHJDWH LQ IURQW DJDLQVW WKH WUDYHOLQJ GLUHFWLRQ FHQWUHG
SHUSHQGLFXODURQWRWKHWUDYHOLQJGLUHFWLRQDQGUHDURSSRVLWHWRWKHWUDYHOLQJGLUHFWLRQ
7KH:63ZDVSODFHGDWPHWHUPHWHUVDQGPHWHUVILJ(YHU\SDSHUZDVJLYHQDFRGH/OHIW5ULJKW
)IURQWIRU/FRGHDQG5FRGHWKHKHLJKWZDVVSHFLILHGPPP&FHQWHU5UHDU5UHSHWLWLRQ
7KHH[SHULPHQWZDVUHSHDWHGWKUHHWLPHV
$IWHU WKH DJJUHJDWH SDVVHG WKH:63 SDSHU ZDV VFDQQHG DW D UHVROXWLRQ RI  '3, 7KH VFDQQHU XVHG ZDV
&DQR6FDQ)7KH:63CVZHUHVFDQQHGLQEODFNDQGZKLWH
7KHVFDQQHGLPDJHZDVWKDQFURSSHGWRDVSHFLILFGLPHQVLRQFP[FPWRH[FOXGHWKHLQIOXHQFHRIWKH
PDUJLQV
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 

)LJDWKH*DPEHULQLVSUD\LQJPDFKLQHEVSUD\LQJPDQLIROGZLWKEORZHUV
FIORZFDOLEUDWLRQSODWHGSUHVVXUHFDOLEUDWLRQNQREDQGJDXJH


   
)LJDZDWHUVHQVLWLYHSDSHUSODFHGRQWKHOHIWVWHHOURGEZDWHUVHQVLWLYHSDSHUSODFHGRQWKHULJKWVWHHOURG
FZDWHUVHQVLWLYHSDSHUSODFHGDWPHWHUV

$OOWKHFURSSHGLPDJHVZHUHLQVHUWHGLQWKH0DWK&DGSURJUDPDQGLQWRDGHGLFDWHGVRIWZDUH'HSRVLW6FDQ)RUDOO
WKH:63CVWKHFRPPDQG5($'%03ZDVXVHGUHVXOWLQJ WKHFRUUHVSRQGHQWPDWUL[UHODWLRQ7KLVFRPPDQG
5($'%03 UHDGV WKH SL[HOV LQVLGH WKH LPDJH DQG DWWULEXWHV WKHP D YDOXH%HLQJ VFDQQHG EODFN DQGZKLWH WKH
D E F
G
D E F
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FRPPDQGDWWULEXWHVWKHYDOXHIRUWKHZKLWHFRORXUDQGIRUWKHEODFNFRORXU7KLVUHVXOWFDQQRWEHSURFHVVHGVR
WKHQH[WVWHSZDVWRFKDQJHWKHYDOXHVIRUFRORXUVXVLQJWKHUHODWLRQ

05)5 5($'%03³(?5)5




7KH UHODWLRQ FKDQJHVYDOXHVDQG DVVLJQV WKHYDOXH IRUZKLWH FRORXU DQG IRUEODFN FRORXU7KH UHDVRQZK\
ZH
YHPDGH WKHVH FKDQJHV LV WKDW WKHGURSRI VROXWLRQ UHDFKLQJ WKH:63FKDQJH LWV FRORXU6RQRZZHFDQPDS
HYHU\VLQJOHGURSWKDWZDVRQWKH:63$QH[DPSOHRIWKHVHWUDQVIRUPDWLRQVLVSUHVHQWHGLQILJXUH





)LJDWKHPDWUL[RIYDOXHVEHIRUHWUDQVIRUPDWLRQVEODFNFRORUZKLWHFRORU
EWKHPDWUL[RIYDOXHVDIWHUWUDQVIRUPDWLRQZKLWHFRORUEODFNFRORU

7KH QH[W VWHSZDV WR H[WUDFW IURP WKHVHPDWUL[HV HTXDO VXEPDWUL[HV LQ RUGHU WR FDOFXODWH WKH FRYHUDJH 7KLV
H[WUDFWLRQZDVPDGHXVLQJWKHUHODWLRQ
D
E
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05)5 VXEPDWUL[05)5

$IWHUWKLVH[WUDFWLRQWKHUHVXOWHGPDWUL[KDGFROXPQVDQGURZV,QRUGHUWRFDOFXODWHWKHFRYHUHGDUHD
RIWKH:63WKHUHODWLRQZDVXVHG


L «
  M «
  6SL[ P


7KHFRYHUDJHGHJUHHZDVFDOFXODWHGXVLQJWKHUHODWLRQ




7KHRWKHUVRIWZDUHZHXVHGZDV'HSRVLW6FDQ7KLVVRIWZDUHLVIUHHDQGFDQEHGRZQORDGHGDW>@'HSRVLW6FDQ
DOVRFDOFXODWHVWKH'9'9'9DQGWKHGHSRVLWFP'YRIWKHYROXPHRIWKHVSUD\LVVPDOOHUWKDQWKH
YDOXHVKRZQ'YRIWKHYROXPHRIWKHVSUD\LVVPDOOHUWKDQWKHYDOXHVKRZQDOVRNQRZQDV90''Y±
RIWKHYROXPHRIWKHVSUD\LVVPDOOHUWKDQWKHYDOXHVKRZQ$VFUHHQVKRWLVSUHVHQWHGLQILJXUH



)LJ$VFUHHQVKRWRI'HSRVLW6FDQVRIWZDUHWKHYDOXHRI'Y'Y'Y
WKHDUHDFRYHUHGDQGWKHQXPEHURIGHSRVLWVFPFDQEHREVHUYHG

5HVXOWVDQG'LVFXVVLRQV
$IWHUVFDQQLQJWKH:63DQGUHDGLQJWKHGDWDZLWKERWKSURJUDPV0DWK&DGDQG'HSRVLW6FDQWKHDUHDFRYHUHG
ZDVFDOFXODWHG7KH'HSRVLW6FDQSURJUDPDOVRFDOFXODWHV'9'990''9DQGWKHQXPEHURIGURSVFP
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7KHUHVXOWVUHJDUGLQJ'9'9'9 WKHQXPEHURIGURSOHWVSHUVTXDUHFHQWLPHWUHDQG WKHUHODWLYHVSDQDUH
SUHVHQWHGLQWDEOH
7DEOH'LVWULEXWLRQRIGURSOHWVIRU*DPEHULQLULJKWVLGH5DQGOHIWVLGH/
3RVLWLRQDQG
GLVWDQFH
'9
PP
'9
PP
'9
PP 'URSOHWVFP
 5HODWLYHVSDQ'9'9'9
)URQWP     
)URQWP     
)URQWP     
&HQWUHP     
&HQWUHP     
&HQWUHP     
5HDUP     
5HDUP     
5HDUP     
)URQWP     
)URQWP     
)URQWP     
&HQWUHP     
&HQWUHP     
&HQWUHP     
5HDUP     
5HDUP     
5HDUP     
WKHYDOXHV'9'9DQG'9PDUNHGRQWKHLQQHUVLGHRIWKHURZDUHQRWFRQFOXVLYH,QWKH'HSRVLW6FDQGRFXPHQWDWLRQLVPHQWLRQHGWKDWIRU
DGHJUHHRIFRYHUDJHKLJKHUWKDQGDWDFDQQRWEHDFFXUDWHO\PHDVXUHGEHFDXVHRIWKHGURSOHWVRYHUODSSLQJ

$VLWFDQEHVHHQIURPWKHWDEOHRQWKHULJKWVLGHWKH'9LVGHFUHDVLQJDORQJZLWKWKHLQFUHDVLQJRIKHLJKW
7KHVDPHSKHQRPHQRQLVREVHUYHGDOVRIRU'9DQG'97KHYDOXHRIUHODWLYHVSDQLQGLFDWHVWKDWLVDORZGULIW
SRWHQWLDO)RUWKHUHDUSDUWDWDOOKHLJKWVLWFDQEHREVHUYHGWKDWWKHGLDPHWHURIGURSOHWVLVUHODWLYHFRQVWDQWEHWZHHQ
PP '9 PP '9 DQG PP '9 7KH LQQHU SDUW LV QRW GLVFXVVHG EHFDXVH WKH
'HSRVLW6FDQFDQQRWGHOLYHUDFFXUDWHGDWDIRUDGHJUHHRIFRYHUDJHKLJKHUWKDQ
7KHUHVXOWVUHJDUGLQJWKHDUHDFRYHUHGIRUWKHIURQWVLGHDUHSUHVHQWHGLQILJXUH
$QDO\VLQJGDWDIURPILJXUHWKHUHLVDQREYLRXVVLPLODULW\EHWZHHQWKHFRYHUDJHGHJUHHGHWHUPLQHGE\0DWK&DG
PHWKRGDQG'HSRVLW6FDQ

 
)LJ'HSRVLW6FDQYV0DWK&DGYDOXHVIRUWKHIURQWVLGHDULJKWDQGEOHIW

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,WFDQEHVHHQWKDW7KH:63SDSHUZKLFKZDVSODFHGDWPKDGWKHELJJHVWFRYHUDJHGHJUHHIRUWKHULJKWVLGH
/HIWVLGHRIWKHPDFKLQHKDGWKHKLJKHVWFRYHUDJHGHJUHHDWPIURPWKHJURXQG$WDQGPWKHFRYHUDJHGHJUHH
GURSVDQGGXHWRZLQGFRQGLWLRQV,WVKRXOGEHQRWHGWKDWWKHGLIIHUHQFHEHWZHHQ0DWK&DGPHWKRGDQG
'HSRVLW6FDQLVPLQLPDO$WPHWHUVWKHGLIIHUHQFHLVDQGDWP
,QILJXUHDUHSUHVHQWHGWKHUHVXOWVIRUWKHLQQHUSDUWRIWKHURZ7KHUHDUHGLVFUHSDQFLHVUHJDUGLQJWKHFRYHUDJH
GHJUHHDWPFDXVHGSUREDEO\E\ZLQGEXWWKHGDWDGHWHUPLQHGZLWK0DWK&DGIROORZFORVHO\WKHUHVXOWVREWDLQHG
ZLWK'HSRVLW6FDQ$OWKRXJKLQWKHWHFKQLFDOGRFXPHQWDWLRQLWLVPHQWLRQHGWKDWIRUFRYHUDJHGHJUHHKLJKHUWKDQ
WKHUHVXOWVDUHQRWJXDUDQWHHGWKHFRYHUDJHGHJUHHGHWHUPLQHGZLWKWKH0DWK&DGPHWKRGVKRZVWKDWWKH\FDQEH
WUXVWHG

 
)LJ'HSRVLW6FDQYV0DWK&DGYDOXHVIRUWKHFHQWUHSDUWLQQHUURZDULJKWDQGEOHIW

7KH UHDUSDUWRI WKH URZUHFHLYHV WKH VPDOOHVW DPRXQWRI VROXWLRQ )LJXUH+HUH LW FDQEHREVHUYHG WKDW WKH
UHVXOWREWDLQHGZLWK0DWK&DGDQG'HSRVLW6FDQGLIIHUV7KHELJJHVWGLIIHUHQFHVZHUHUHJLVWHUHGRQWKHOHIWVLGHDW
P IURP JURXQG  ,W FDQ EH FRQFOXGHG WKDW DW YHU\ ORZ FRYHUDJH GHJUHH WKH 0DWK&DG PHWKRG LV VOLJKWO\
LQDFFXUDWH

 
)LJ'HSRVLW6FDQYV0DWK&DGYDOXHVIRUWKHUHDUSDUWDULJKWDQGEOHIW

,Q ILJXUH  LV SUHVHQWHG WKH OLQN EHWZHHQ WKH 0DWK&DG GDWD UHFRUGHG DQG 'HSRVLW6FDQ 7KH FRHIILFLHQW RI
GHWHUPLQDWLRQUHJLVWHUHGZDV$OWKRXJKWKHUHZHUHVRPHGLIIHUHQFHVEHWZHHQWKHFRYHUDJHGHJUHHGHWHUPLQHG
E\0DWK&DGDQG'HSRVLW6FDQWKHUHVXOWVDUHRQWKHVDPHUHJUHVVLRQOLQH

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
)LJ'HSRVLW6FDQYV0DWK&DGYDOXHV
&RQFOXVLRQV
7KHPHWKRG RI GURSOHW GHSRVLW DQDO\VLV WKURXJK WKH FDOFXODWLRQ RI FRYHUDJH SHUFHQW RI VXUIDFH FRYHUHGZLWK
SHVWLFLGHVLVDSRVVLEOHWRROIRUYHULI\LQJWKHVSUD\HUVLQWKHODERUDWRU\WHVW
$FFRUGLQJWRWKLVPHWKRGWKHFODVVLILFDWLRQDQGFDOLEUDWLRQRIVSUD\HUVLVSRVVLEOH
7KHPHWKRGPD\EHH[WHQGHGWRFRQWUROWKHUDWHRISHVWLFLGHVLQGLIIHUHQWSODQWSURWHFWLRQWHFKQRORJ\
7KHPHWKRGGHYHORSHGXVLQJ0DWK&DGVRIWZDUHJLYHWKHVDPHUHVXOWVDVDGHGLFDWHGSURJUDP'HSRVLW6FDQDQG
FDQEHHPEHGGHGLQVRPHDJULFXOWXUDODSSOLFDWLRQV
)XUWKHUUHVHDUFKDQGUHILQHPHQWRIWKLVPHWKRGLVUHTXLUHGLQRUGHUWRLQFUHDVHWKHDFFXUDF\RIGDWD
5HIHUHQFHV
5RV90,*KHUHV0HWKRGDQGSURJUDPIRUHYDOXDWLRQRIVSUD\GHSRVLW%XOOHWLQ86$09$JULFXOWXUH9RO1US
KWWSDUVXVGDJRYVHUYLFHVVRIWZDUHVRIWZDUHKWP"PRGHFRGH 
